Use of Ground Anchors in Residual Soils by Kannan, R. & Broms, Bengt B.
Missouri University of Science and Technology 
Scholars' Mine 
International Conference on Case Histories in 
Geotechnical Engineering 
(1984) - First International Conference on Case 
Histories in Geotechnical Engineering 
08 May 1984, 8:00 am - 10:00 am 
Use of Ground Anchors in Residual Soils 
R. Kannan 
Nanyang Technological Institute, Singapore 
Bengt B. Broms 
Nanyang Technological Institute, Singapore 
Follow this and additional works at: https://scholarsmine.mst.edu/icchge 
 Part of the Geotechnical Engineering Commons 
Recommended Citation 
Kannan, R. and Broms, Bengt B., "Use of Ground Anchors in Residual Soils" (1984). International 
Conference on Case Histories in Geotechnical Engineering. 46. 
https://scholarsmine.mst.edu/icchge/1icchge/1icchge-theme2/46 
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been 
accepted for inclusion in International Conference on Case Histories in Geotechnical Engineering by an authorized 
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including 
reproduction for redistribution requires the permission of the copyright holder. For more information, please 
contact scholarsmine@mst.edu. 
Use of Ground Anchors in Residual Soils 
R. Kannan 
Lecturer, Nanyang Technological Institute, Singapore 
Bengt B. Broms 
Professor, Nanyang Technological Institute, Singapore 
SYNOPSIS 
In the past decade the use of ground anchors in deep baseements has increased in most parts of the world, while their 
applications in Singapore have been very limited so far because of their interference with adjacent properties. 
Empirical design methods which are adequate in most cases are still commonly used. Analytical design methods and 
finite element analysis (FEM) which give better insight into the soil-anchor interaction are gaining popularity. Post 
grouting is often used for anchors in residual soils and has been found successful. Some case histories from Singapore 
are presented in this paper. 
1 , INTRODUCTION 
only recently ground anchors have been extensively 
used to stabilize deep excavations. Published 
information on ground anchors has become commonly 
available since the late 1960s has They are now 
used in a wide range of applications. 
1.1 Anchored Slurry and Sheet Pile Walls 
Ground anchors are used for example to stabi-
lize slopes and to tie down structures and to 
resist the high uplift pressures acting on 
dry docks and sluices. By far the most common 
application is for sheet pile and slurry 
walls. In Genoa, Italy, a 34 m deep basement 
has been excavated within 3.0 m of existing 
building, The 147 m long slurry wall was 
supported by 658 anchors at 13 different 
levels as described by Barla and Mascardi 
(1975). The finite element method (FEM) was 
used for the design. Anchored excavations 
have also been extensively used in Hong Kong 
during the construction of the Mass Transit 
Railway. Even permanent anchors have been 
installed, The first application in Sweden 
was the Credit Bank in Stockholm. Diaphragm 
walls with four rows of anchors were used to 
support the 22.0 meter deep excavation. The 
soil consisted from the ground surface, of 
fill, very soft clay, sandy silt, gravel, 
cobbles and boulders, The surface of the 
underlying rock was uneven. Only temporary 
anchors were used, which were later unloaded 
and removed (Losinger, 1 978). 
The first application of a diaphragm wall in 
Singapore was for the CPF Building at 
Robinson Road. The 16,8 m deep excavation 
was supported by four rows of anchors 
inclined at 30 degrees. The average load on 
each anchor was 280 kN. This installation 
has been documented by Littlejohn and 
Macfarlane (1975) and Ramaswamy (1979). The 
anchor system is shown in Fig. 1. For the 
Hong Kong Bank at Collyer Quay in Singapore, 
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all four sides of the 12,0 m deep excavation 
were supported by about 140 anchors in two 
rows, with capacities of 700 kN and 1000 kN. 
This was probably the first completely 
anchored excavation in Singapore (Kannan 
1979), However, it is becoming more 
difficult to obtain permission to install 
anchors under roads in Singapore, 
2. 
A review of anchor installations covering 
site investigations, design, construction, 
testing and recording can be found in the 
state-of-the-art report on ground anchors by 
Littlejohn (1979). 
DESIGN CRITERIA 
1.2 Many case records of successful anchor 
installations are now available. The design 
load is normally selected on basis of the 
factor of safety shown in Table 1. This 
Table is bas~d on the recommendations by the 
Federation International de la Precontrainte 
The design of ground anchors is affected by a 
number of factors. Generalized design procedures 
are difficult to suggest because of the many 
different anchor systems in use today, 
( 1982). 
Most anchor systems consist of a free length and a 
fixed length Various methods are currently used to 
calculate the fixed length (the length of the 
grouted section), 
1,3 Recording Anchor Installations 
The data shown in Table 2 should be recorded 
at a ground anchor installation, 
2.1 Littlejohn (1970) has summarized the present-
ly used methods to evaluate the ultimate load 
carrying capacity. 
Anchor category 
1. Temporary anchors where the service 
life is less than six months and 
failure would have few serious 
consequences and would not endanger 
public safety, e.g., short term pile 
test loading using anchors as a 
reaction system. 
2, Temporary anchors with a service 
life of up to two years where, 
although the consequences of local 
failure are quite serious, there 
is no danger to public safety 
without adequate warning, e.g. 
retaining wall tie backs. 
3. Any permanent anchors and also 
temporary anchors where the conse-
quences of failure are serious, e.g. 
temporary anchors for main cables of 
a suspension bridge, or as a reaction 

















1 • 1 
1.25 
1 • 5 
Pw Calculated working load of the anchor (after all losses) 
Pp Proof load during anchor test 
Table 1: Recommended factors of safety (FIP) 
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--------------------------------------------------------------------General Classification Data 
-;;~;~~~-----------~~:~;:~~~;----------;~~~~::;----------;::;:~~~;--
--------------------------------------------------------------------
Date Time started Time completed Stressing Personnel 
Anchor No. Free length Fixed length Ground Type 
Tendon Type E value 
steel 
of working load Test load 
Jack Type Area of Piston Maximum rated Date of last 
capacity calibration 
Pump Type Pressure Gauge Pressure gauge Date of last 
range capacity calibration 
Type of Lock off Initial setting Strand 
anchor head mechanism pressure pull-in 











Table 2: Anchor installation record 
(Adapted from Littlejohn, 1979) 
The pull-out resistance Tf is normally calcu-
lated for residual clayey soils from the 
equation 
where L is the fixed length of the anchor d 
is the diameter of the anchor cable or rod' o 
is the effective diameter of grouted part' of 
the anchor and N is the bearing capacity 
factor, which ~ay be taken as 9.0 for 
residual soils. The above equation may be 
used for most clayey residual soils such as 
clayey silts and silty clays with permeabi-
lity (k) lower than 10-4 em/sec and an un-
drained shear strength (c ) greater than 90 
kN/m2 • u 
For stiff clays and clayey residual soils 
the adhesion between grouted area and soil i~ 
normally varies between 0.30 cu to 0.50 cu 
where cu is the cohesion. For weathered rock 
it is generally taken as 0.45 cu. 
For anchor in clays, the pull out resistance 
is based on the adhesion between the grouted 
area and the soil. The following relation 
suggested by Schnabel (1982) can be used. 
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where d and 1 are the diameter and length of 
the grouted shaft of the anchor, respectively 
and Ca it the unit adhesion (bond strength) 
along the grouted shaft. Schnabel (1982) 
recommends the following Table 3 on adhesion. 
Anchor loads of upto 0.3 MN have been allowed 
in soft soils. The allowable loads for 
residual soils ranges from 0.4 to 1.2 MN and 
for rock from 1.0 MN to 1.2 MN. Numerous 
case records are available for residual soils 
and rock, but results from load tests on 
anchors in soft soils are rare. In fine sand 
allowable loads of up to 900 kN have been 
used (Marchini, 1982). 
The design methods mentioned above, are 
similar to those used for piles because 
anchors can be considered as short piles as 
verified by numerous field tests around the 
world. Field experrence from anchors in soil 
and rock has, for example, been reported by 
Ostermeyer (1975) and by Broms (1968). 
The design methods described above are 
concerned with the ultimate strength. The 
safety factors given in Table 1 may be used 
to determine the working loads (allowable 
load). 
Standard Penetration Adhesion (Bond strength) 
Soil Type Resistance (N) between soil and anchor 
blows/0.03 m kN/m2 
Silty Clay 3 
-
6 24.0 - 48.0 
Sandy Clay 3 - 6 35.0 - 48.0 
Medium Clay 4 - 8 35.0 - 60.0 
Firm to stiff clay over 8 48.0 - 72.0 
Table 3: Typical values on the adhesion (bond strength). 
(Adapted from Schnabel, 1982) 
2.2 Empirical design methods tend to be conserva-
tive because they had to account a number of 
unknown parameters. For this reason, semi-
empirical methods based on full scale field 
tests or on model tests are preferred. A 
number of load tests in the field have been 
carefully documented and the design modified 
to suit the particular case. 
Using the theory of elasticity, James and 
Jack (1975) demonstrated the validity of 
analysing an anchored retaining wall as a 
structural frame. Each anchor location is 
considered as a node point about which the 
wall moves. The resultant anchor force P is 
calculated by iteration. A simplified stress-
strain diagram can be used to simulate the 
elasto-plastic behaviour of the soil. The 
analysis has been verified by model test. 
The anchor loads were measured as well as the 
displacements of the wall. This approach, 
using elastic theory and model tests proved 
to be very useful. A similar approach, 
assuming elasto-plastic behaviour of all the 
materials involved has been used by Costa 
Nunes (1981 ), for an excavation at the Longo 
da Carioca station of the Rio de Janeiro 
subway. 
An accurate estimate of wall movements is 
important. Littlejohn and Macfarlane (1975) 
have studied a number of cases including one 
in Singapore (the CPF Building). Their obser-
vations support the use of a triangular earth 
p~:essure distribution in design instead of a 
ttapezoidal distribution. It is important to 
note that no significant horizontal or verti-
cal movements of the walls were observed 
during the construction period. 
Ostermeyer (1975) studied wall movements 
using model tests. He showed that the com-
pressibility of the soil below the base of an 
excavation is mainly responsible for the 
displacement of the wall, Yen and Young 
(1977) have investigated the relationship 
between anchor displacement and ancho~: load 
as well as the pore pressures associated with 
the consolidation of the soil, Similar obser-
vations have been made by Shields, Schnabel 
and weatherby (1978). They noticed that the 
displacement of 2.5 mm was sufficient in 
dense sand to mobilise a force in the anchors 
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of 130 to 320 kN/m. The load distribution 
along the grouted section corresponded more 
to the strain induced by the excavation than 
the relaxation of the soil anchor system. 
In most approaches using elastic theory, a 
simple velocity field will only be approxi-
mate, since the deformations behind the wall 
are complex. Milligan (1983) found from 
mode tests that a simple velocity field can 
be used irrespective of the mode of deforma-
tions of the wall, if the soil does not 
dilate when sheared, for example, under the 
undrained conditions. This has been confirmed 
from full scale tests in strutted excavations 
in soft clay. 
The investigations reviewed above suggest 
that the design of around anchor system can 
be based on the elastic theory, assuming a 
triangular earth pressure distribution. Only 
small wall movement is required to mobilize 
the maximum resistance of the anchors. Satis-
factory results were for example obtained, at 
the Hong Kong Bank at C~llyer Quay in 
Singapore by this method. 
2.3 Recent Advances in Numerical Methds 
The finite element method (FEM) is now 
commonly used to analyse soil-structure inte-
raction and the behaviour of anchored walls. 
The application of this method in can be 
extended fu~:the~: when CADD systems become 
commonly available. With FEM it is possible 
to analyze the behaviour of ground anchors 
more accurately. The limitation is the eva-
luation of the strength and deformation 
prope~:ties of the soil. 
Clough and Mana (1976) found as good agree-
ment between predicted and observed behaviour 
using the finite element method, where the 
const~uction of a temporary excavation in 
soft clay in San Francisco was similated. 
The von Mises yield c~:iterion was used in the 
analysis. 
With the finite element methods, different 
construction methods can be simulated and the 
function of different anchor systems can be 
studied, taking into account, non-linear soil 
behaviour. Pinelo and Fernandes (1981) used 
linearly elastic springs to represent the 
anchors. The stiffness of the spring 
elements was computed on the basis of a 
theoretical free length of the anchor. The 
grouted section was assumed to be rigid. 
Arslam, Breth and Wanninger (1981) used an 
elasto-plastic method to analyse anchored 
walls. They pointed out that reliable results 
from finite element method can only be 
obtained if realistic constitutive relation-
ships are used. The earth pressure distribu-
tion especially in soft clays was found to be 
highly dominated by the selected prestress in 
the anchors and by the chosen design load 
factors. Tagaya, Tanaka and Aboshi (1983) 
noticed that the size (the number of elements 
used, the load increments, the chosen soil 
parameters, the initial stress and the 
boundary conditions influence the accuracy of 
the finite element method. The observations 
were verified by centrifugal model tests. 
3. ANCHORS IN RESIDUAL SOILS 
The residual soils in Singapore and Malaysia are 
generally derived from granite and are upto 30.0 m 
thick. Because of their high shear strength and 
bearing capacity residual deposits are often used 
as building sites. Deep excavations in the 
residual soils were rare in Singapore until the 
early 1970s, when high rise buildings with two or 
more basements became common. Ground anchors have 
been used extensively since that time. 
3.1 central Provident Fund Building 
Ground anchors were probably used for the 
first time in Singapore to support a 16.8 m 
deep excavation for the Central Provident 
Fund Building in downtown Singapore. The 
soil conditions at the site are shown in Fig. 
1. A large part of the excavation was 
supported by an anchored slurry trench wall, 
while a contiguous bored piled wall was used 
for the remaining part. The slurry trench 
wall was supported by four levels of anchors 
with average load capacity of 280 kN per 
meter. 
The installation of the anchors was super-
vised closely. Adjacent roads and sidewalks 
have not shown any signs of distress. 
3.2 Hong Kong Bank Building 
A 26 storey building for the Hong Kong and 
Shanghai Banking Corporation was completed in 
1982 at Collyer Quay in Singapore. This was 
the third building at this same site. The 
two-previous buildings were built in 1877 and 
in 1923 with two and four stories respec-
tively. One additional storey has been added 
in the 1 950s. The 12.0 m deep excavation was 
roughly 40 m x 40 m. Buildings were located 
next to the excavation on two sides while 
there were two roads on the other two sides. 
Anchors were installed at the four sides of 
the excavation which left the center open. 
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Because of the proximity of the buildings, 
contiguous bored pile walls were proposed 
with two levels of anchors for two sides of 
the excavation. For the other two sides of 
the excavation next to the roads, soldier 
piles spaced 2.05 m apart with infilled 
gunite walls were used. Later, because of 
the favourable soil conditions every second 
pile in the contiguous bored pile wall could 
be left out. Half of the excavated area was 
located in a fill to a depth of about 4.5 m. 
The fill, mainly boulders, had been brought 
to the site from a nearby hill. Also th~ 
residual sandy clay contained 1 .o m3 to 1 o m 
large boulders. The main problem at this 
site was the excavation of the boulders. 
The two levels of temporary anchors were 
installed, one at 4.20 m and the other at 
8.50 m, with load capacities of 600 kN and 
1200 kN per anchor respectively. During 
excavation, re.mnants of an old sea wall and 
old foundations were discovered. The 
excavation was completed in about four 
months. Some details of the excavation can 
be seen in the photograph below (Fig. 2). 
Figure 2: Excavation for the Hong Kong Bank at 
Collyer Quay, Singapore. 
During construction, the walls of the excava-
tion were monitored by periodic levelling. 
Also, the settlement of the two adjacent 
roads were checked during construction, espe-
cilly after each stage of the installation of 
anchors. The only problem encountered was 
with water in the fill, where the water table 
seemed to fluctuate. The fluctuations were 
found later to corresponds to the tides. 
Once the infill panels were qunited, nominal 
grouting was required to keep the excavation 
nearly dry. 
Measurements showed that the displacement of 
the top cantilever section of the wall was 
less than 10 mm. Adjacent roads settled up 
to 5 mm but no damage was noticed in the 
adjacent structures. 
After construction of the basement the 
anchors were unloaded and removed, The con-
tractor, L & M Prestressing, used an unladed 
dummy cable in the prestressing strand. To 
remove the anchors, the dummy cable was first 
taken out, which reduced the prestress in 
other cables. These could then be pulled out 
one or more at a time. However this method 
was not completely satisfactory as some 
cables broke during the extraction. 
The anchored system for the Hong Kong Bank 
was designed using the classical triangular 
earth pressure distribution the loading in 
the anchors was calculated by the free earth 
support method, Because of the flexibility 
of the :anchored wall the maximum capa.ci ty of 
the anchors could be mobilized. 
3.3 Tuas Shipyard, Drydock Silt, Singapore 
Tuas is located at the western end of 
Singapore, The residual soils, which overlay 
the sandstone and shale of the Jurong 
Formation, are lateritic, The dense clayey 
silts below the drydock of the TUas Shipyard 
extend to a depth of at least 30 m. The sill 
of the drydock had to be anchored to resist 
the high uplift pressures below the drydock. 
BARE PRESTRESSING 
CORRUGATED PLASTIC CAPSULE 
FIRST STAGE GROUTING 
CAPSULE BOTTOM PLUG 
Vertical holes were drilled for the anchors 
through the 200 mm diameter ducts provided in 
the sill structure to a depth of 8.0 m. A 
fixed length of 12.8 m was calc~lated, 
assuming an adhesion (Ca) of 390 kN/m • This 
value has been found to represent a higher 
limit for the residual soils in Singapore. 
Group action of the anchors was also consi-
dered, The factor of safety against uplift 
was estimated to 1.40. 22 anchors spaced 
2, 0 m apart were placed. The anchor load was 
600 kN and the peformance of the anchors has 
been satisfactory since their installation in 
1981. 
The post grouting method was used for the 
permanent anchors as described below. 
A short capsule which acts as a plug is used 
at the end of the fixed length of the 
anchors. The capsule, as shown in Fig. 3, 
houses the strands of the prestressing cable. 
A high pressure tube called the postgrouting 
tube, fitted with non-return valves, passes 
around the capsule. The capsule which is 
sealed at both ends by epoxy is made of a 
corrugated plastic tube. The free length of 
the anchor is placed in a grease filled high 
density polythelene sheathing and extends 
from the capsule to the anchor head. With 
this arrangement the fixed and free lengths 
of the anchor overlap as illustrated in Fig. 
4. 
Fig:3 DETAILS OF CAPSULE IN POST GROUTING SYSTEM 
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SECOND STAGE GROUT 
NON RETURN 
PLUG 
Fig: 4 DETAILS OF FIXED AND FREE LENGTHS 
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During the installation of the anchors, the 
plug is grouted first, then the capsule and 
the fixed length outside the capsule using a 
tremise pipe. The anchor can now be 
prestressed, The bond strength can be 
increased by regrouting the entire anchor. 
Grout is pumped under high pressure through 
the post grouting tube about 24 to 48 hours 
after the first stage grouting. 
This system has a number of advantages 
particularly in residual soils. Firstly, the 
free length of the cable will be large 
without additional drilling. Secondly the 
bond strength is increased by the regrouting. 
In some cases even a bell is formed at the 
fixd end of the anchor. Thirdly, any 
shrinkage cracks formed after the first stage 
grouting will likely be filled with grout 
during the post-grouting which increases the 
corrosion protection. 
The post-grouting requires careful control, 
Habib (1977) has pointed out that it is more 
important to control the volume of the grout 
injected than the ~"press_ure,_"~ This is 
particularly the case during post grouting. 
Stabilization of the surrounding soil may 
also be required. Post grouted anchors are 
often designed using empirical formulae. 
3.4 Registry of Marriages Building, Singapore 
The Registry of Marriages Building is situa-
ted on Fort canning, a small hill in the 
center of Singapore. The building is located 
in residual soil at the bottom of a slope. 
The residual soil is a stiff sandy clay below 
a surface cover of silty clayey sand, A 7.5 m 
high retaining wall was constructed at the 
foot of the approximately 1 s.o m high slope, 
However, a small localised slip occured above 
the wall during the construction. The retai-
ning wall was therefore strengthened by 
anchoring the wall deeper into the slope, 
Permanent anchors were used. The fixed 
length was 23 m to 37 m. The working loads 
of the anchors ranged from 400 kN to 640 kN. 
The anchors were installed during the con-
struction of the retaining wall using a post 
grouting technique. 
3.5 Convent of the Holy Infant Jesus, Toa Payoh 
Singapore 
At this site a 103 m long retaining wall, 
with a height varying from 3 m to 10.7 m was 
designed with permanent anchors. The design 
life was SO years. The individual strands 
are protected by a polylene coating. The 
anchor head was designed to permit reloading 
if necessary. The retaining wall consists of 
steel H piles at 1,8 m with cast in-situ 
reinforced concrete panels. 
The residual soil at the site is of granitic 
origin. It is brownish yellow in colour and 
sandy, A load test indicated a design Ca 
value of 40 kN/m2. The working loads were 
between 70 kN and 215 kN per anchor. The 
fixed length varied from 12 m to 35 m. Post 
grouting was carried out 24 hours after the 
first stage grouting. This was felt neces-
sary when the anchors were tested to 1 .5 
times the working load and prestressed to 1.1 
times the working load. 
These case studies indicate that ground 
anchors can be installed safely in residual 
soils. Past grouting appears to be effective 
both for permanent and temporary anchors. 
Ground anchors are seldom instrumented in 
Singapore. Monitoring and instrumentation of 
ground anchor are however highly desirable to 
check the design parameters and the per-
formance of the anchor. 
Ground anchors are used more often in 
Singapore but it is becoming increasingly 
difficult to obtain permission from local 
authorities to install anchors below public 
roads. Hong Kong Bank building will perhaps 
be the last fully anchored excavation in 
Singapore. This difficulty may be overcome 
with extractable ground anchors. Chemical or 
mechanical methods can be used to remove the 
anchors. Fischli (1983) has listed a number 
of methods that can be used. Many of these 
have not been tried yet. Two case histories 
where extractable anchors have been used are 
described below. 
3.6 overseas Union Bank Building (OUB) Singapore 
Fishli ( 1 983) has described a case where 
extrable anchors were used for the Overseas 
Union Bank Tower, a 60 storey steel frame 
building at the Raffles Place in downtown 
Singapore. 
At this site the residual soil is similar to 
that at the Hong Kong Bank Building which is 
located about 100 m further south. A 
bouldery soil is encountered down to a depth 
of about 15.0 m. It is underlain by stiff 
reddish brown clay and by sand stone and 
shale. 305 extractable anchors were 
installed using a conventional method. The 
anchors will be removed using explosives 
using delay fuses to reduce the vibrations 
caused by the explosion. Thereby the grouted 
anchor zone (fixed length) is fractured, The 
bond strength is then reduced and tendons can 
removed. 305 anchors have been installed 
below two heavily trafficked streets. The 
fixed length varies from 8.80 m to 1 9,20 m. 
3.7 Shangri-La Hotel , Singapore 
The temporary anchors at the Shangrila Hotel 
were designed and installed by PSC Singapore 
Private Limited. A heating technique which 
reduced the bond between the tendons and the 
grout was used to remove the 27 anchors. The 
anchors could be pulled out successfully. 
However, the grouted section is left intact 
in place by this method. 
Those two cases illustrate that extractable 
ground anchors are feasible in residual soils 
and that the extraction can be done without 
much difficulty and without any serious 
detrimental effects. 
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4. CONCLUDING REMARKS 
" 
Empirical designs formulae can be used for 
ground anchors in residual soils. With the 
finite element methods (FEM) the soil anchor 
interaction can be analyzed more accurately. 
However the accuracy of the results using FEM 
depends to a large extent on the evaluation 
of the properties of the soil used in the 
analysis. 
Post grouting is useful for high capacity 
anchors in residual soils. The method has 
been successful also for permanent anchors, 
since the corrosion protection is improved. 
Temporary extractable anchors are possible in 
residual soils and will probably be used more 
often in the future. 
Ground anchors should be instrumented to 
check the assumptions made in the design and 
the performance of the anchor system. This 
aspect has received very little attention so 
far in Singapore. 
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